IT would appear that relatively few clinics have as yet adopted Frykholm's method of decompression of the cervical nerve roots within the intervertebral foramina as a measure of treating extremely resistant cases of cervical rhizalgia (Frykholm, 1951) . Our own hesitation in embarking on this form of treatment was due to the fear that the operative intervention on the pedicles might well produce a local pain as severe as the disability which it was intended to relieve. Experience, however, has shown that the after-effects of the operation are entirely painless.
IT would appear that relatively few clinics have as yet adopted Frykholm's method of decompression of the cervical nerve roots within the intervertebral foramina as a measure of treating extremely resistant cases of cervical rhizalgia (Frykholm, 1951) . Our own hesitation in embarking on this form of treatment was due to the fear that the operative intervention on the pedicles might well produce a local pain as severe as the disability which it was intended to relieve. Experience, however, has shown that the after-effects of the operation are entirely painless.
Frykholm's operation is soundly designed. In the majority of cases in which cervical rhizalgia occurs without associated compression of the cervical cord it is produced by the pressure of a hard osteophyte situated within the intervertebral foramina which is inaccessible to approach by hemilaminectomy. The neurocentral joint cavities on C.3-7 first described by Luschka (1858) consist of small articulations with synovial linings which are developed between the curved upper and lower surfaces of the postero-lateral aspects of the bodies of these vertebrae. As Bull (1948) has pointed out, these joint capsules are extremely strong, and since they are situated outside and behind the intervertebral discs, they must tend to restrict the degree of lateral herniation of the disc. Hence, although median and lateral protrusions of the disc are well recognized as a cause of compression of the cord, or of the cord and nerve roots, it is extremely doubtful whether disc protrusions alone can ever produce intraforaminal compression of a cervical root, whereas osteophyte formation arising from the neurocentral joints can readily do so.
Narrowing of the cervical intervertebral joint spaces at the levels C.5-6 or C.6-7 is frequently seen in association with symptoms of cervical rhizalgia but narrowing by no means indicates disc protrusion. The narrowing is frequently degenerative in origin. Such degeneration will throw an abnormal strain on the joints of Luschka and the articular joints of the pedicle, thus producing arthritic changes in the joints with effusion, periarticular thickening, osteophyte proliferation, and finally, in certain cases, marked thickening and hyalinization of the outer layers of the dura in the affected root producing root sleeve fibrosis. It is suggested that this latter factor is important in the production of pain. In our opinion, however, friction is the principal cause of pain and simple decompression of the root without diversion of the root sheath is effective in relieving the majority of cases. Decompression of the root by hemifacetectomy provides adequate decompression of the cervical nerve roots directly over the hard osteophyte which is usually coming from the neurocentral joint anteriorly.
Scoville, in 1946, advocated the use of high-speed spherical drills for the intraforaminal exposure of cervical nerve roots. Frykholm, independently, in the same year used a dental burr with a vulcanite cutter to produce a similar result. We have found that the dental burr is rather a slow method and that a rapid exposure can be made using 9 and 11 mm. spherical burrs.
The operative steps have been amply illustrated in Frykholm's monograph (1951) . The stages of operation consist first, of cutting well into the upper vertebra to expose the ligamentum flavum and the curved line at the junction of the facets. Further bone is removed with the burr to deepen the cut in the lower vertebra below the junction until this lower portion of bone becomes thin enough to crack away, exposing the periradicular tissue and margin of the ligamentum flavum over the intervertebral foramen. These tissues are separated from the pedicles and excised. Haemostasis is secured with diathermy and thus the nerve root is exposed, and usually exhibits well-marked angulation from displacement by the osteophyte. In our experience this decompression alone, if adequately performed, is sufficient to relieve the pain, and we have not found any improvement in the results from the further step of dividing the root sheath and dealing with the arachnoid adhesions internally.
So far, since 1952, our experience of this method has been limited to some 20 cases operated upon at the South-East Metropolitan Regional Neurosurgical Centre on account of intractable pain which had completely failed to respond to all forms of conservative treatment. This number is small but relatively significant bearing in mind the well-known success of conservative measures in the majority of cases of this type. The operation has been restricted to cases of rhizalgia without cord compression, in which myelography has excluded the presence of a disc and in which oblique X-rays have shown the presence of an osteophyte in the intervertebral foramen. The operation has been performed bilaterally and upon multiple roots of the same side with an equal measure of success. The method has relieved not only the sensory symptoms of pain and parzsthesia but has also restored the muscle-wasting seen in certain cases of cervical rhizalgia.
The operation has also produced evidence that certain syndromes that appear to be produced by compression of multiple roots as judged by standard clinical data, are, in fact, produced by a single osteophyte in patients whose cervical nerve roots are arranged otherwise than according to the idealized plan which we have come to accept. Undoubtedly, our views concerning the root distribution to skin dermatomes and muscles are founded on the basis of a clinical average from which there are wide variations. Sherrington (1899) defined two principal operations in the segmental innervation of the extremities due to pre-and post-fixation of the plexus. Stookey (1930) claimed that there was no such thing as a normal plexus, which should always be regarded as preor post-fixed. Van Wagenen (1946) stressed that variations of the brachial plexus were numerous, and Sir Russell Brain, in 1948, described three varieties, with preor post-fixation moving up or down one segment.
A large number of different dermatome charts have been prepared in the past seventy years but most of those recorded have the defect that they were founded on the examination of a small number of cases. Herringham in 1886 mapped out peripheral distribution by minute dissections of nerve fibres in the brachial plexus. Thorburn (1893) and Kocher (1906) outlined segmental fields on the basis of data from cases of transverse lesions of the cervical cord. Foerster's observations (1933) on the cervical dermatome were each based on one or two cases. These standardized patterns give an entirely erroneous impression of the constancy of limb innervation from individual to individual. It is when we have the opportunity of observing the collected results of clinical observation on the effect of compression of a single nerve root in many different patients that the effect of variation in the segmental pattern of the body from individual to individual becomes apparent.
Observations on the effect of facetectomy can assist in defining the more common variations and the frequency of their occurrence, the most valuable observations being made by determining the sensory changes in the hand, which are always most marked on account of the known sensitivity of the long sensory fibres.
Frykholm's analysis of the sensory changes occurring in patients suffering from single compression of the C.7 nerve roots illustrates clearly the pre-and post-fixation of the plexus. Where the plexus is pre-fixed the C.7 dermatome will innervate the index finger, but where it is post-fixed it will innervate the ulnar border of the hand. Observation on the segmental motor innervation likewise showed agreement in principle but great variation in detail. Michelsen and Mixter (1944) Root Weakness, wasting, and twitching observed involved Obviously, preor post-fixation of the plexus may account for most of these variations but will hardly explain wasting of the intrinsic muscles of the hand of a C.6 root lesion.
From our series1 2 cases may be briefly quoted as presenting atypical syndromes simulating multiple root involvement in each of which a single osteophyte has been responsible for the symptomatology and in which both the motor and sensory symptoms have been relieved by operation at a single level. First, that of Mrs. W. in whom X-rays produced evidence of osteophyte formation at C.5-6 interspace which produced compression of the 6th cervical nerve root. Pain radiation and numbness first involved the tips of all the fingers, later the area of sensory disturbance contracted to involve the index finger only, which was completely numb. The muscle weakness was marked and involved the adductor pollicis, triceps, and extensors of the wrist. The triceps-jerk was diminished.
Semmes and Murphy (1943) stressed that the degree of sensory loss in the index finger of patients with compression of C.7 radicular nerve was out of all proportion to that seen elsewhere from compression of a single nerve and claimed that in many persons the C.7 was almost entirely responsible for innervation of the index. There are other examples of sensory post-fixation in our series. Finally, a patient with osteophyte formation at C.5-6 interval on the right side only in whom pain and paresthesia in C.6 or 7 distribution of the right arm-one cannot say which-was associated with marked wasting of the small muscles of the hand, sparing the thenar eminence. Operation at C.5-6 level has not only led to relief of pain but also to the filling out of the wasted muscles, hence it is unnecessary to suggest the existence of two lesions. Wasting of the small muscles of the hand in association with a C.6 lesion cannot be explained on the basis of pre-or post-fixation, yet it is in keeping with certain of the older anatomical evidence in which it has been stated that the opponens pollicis is innervated from C.6; it is also in keeping with the findings recorded by Frykholm.
In conclusion, I wish to make every acknowledgment to Dr. James Bull and Dr. Frykholm, upon whose original observations this communication is founded. INTRODUCTION FROM the moment that the primitive streak and the neural groove make their appearance in the few-days-old embryo the possibilities of abnormality arising appear enormous, and in the elaborate differential cell growth that goes into the formation of the nervous system the wonder is that the pattern is so constantly maintained. It is for this reason that it would be wise to anticipate that abnormalities of cellular origin in the nervous system might declare themselves in a similar standardized pattern of varying degree.
Clinical experience has justified such an anticipation, for in the neural crest and closing neural groove we have a cell structure which often undergoes aberration or hesitation in the completion of its task. It is not in the flamboyant examples of spina bifida that I am interested, but in the more elaborate changes which form a pattern repeated under a variety of apparently diverse eventual pathology.
'The sensory loss, reflex change and muscle weakness observed in 20 cases was summarized in tabular form. This table is omitted owing to lack of space.
